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? 2.1: ????????? [2]?
8
? 2? ????????????????????
? 2.2: ?????????? [33]?
? 2.2?????????????????? [33]?? 2.2??????????????
??????????????????????????????????????? [1,31]?
[31]?????????????????Contention mitigated level shifter (CMLS)???







?????????????????????????????????? [4, 10, 13, 16{
18, 25, 26, 28, 29, 38{40]??????????????????????????????
????????????????????????????????????????
? [14,27,41]???????????????????????????????????
?????????????????????????? voltage island ????voltage












































































































tdtotal = tmi + trif + tf + tmo + tfro + treg (3.1)
??? tmi?trif?tf?tmo?tfro?treg???????????????????????




???????????????????????????????tmi = 0; trif = 0 ??








?? (? 3.1(a))?????? tltotal???????????
tltotal = tcf + tf + tfro + tmo + treg (3.2)
????tcf ??????????????????????????????????
???? (? 3.1(b))???????? tstotal???????????
tstotal = max ftcmi + tmi + trif + tf + tfro + tmo + treg;
tcf + tf + tfro + tmo + tregg (3.3)
??? tcmi???????????????????????????????????
???????????????????
Tclk  tcmo + tmo + treg (3.4)
??? Tclk?????????????tcmo????????????????????
?????????GDR??????????????????????????????







































































































???????????? (Initial phase)??????? (Improvement phase)? 2???
???????????? (Initial phase)???????DFG?????????????
??????????????????????????????????????????
































Set of FUs ConstraintCDFG
Output RTL with floorplan































































?????????? i??????????? SA?????? Ti????? i+1???
?????????????
























RDR [5]???????????????????? island ?????????????
???? island ?????????????? [? 3.5]?
 Local Computational Cluster (LCC)
?????????????????????????????????(1)FU(Functional
Unit) ??? (2)MUX ?????????
 Register le
? island ???????????????????LCC ?????????????
??? island ??????????????????????????
 Finite State Machine (FSM)
? island ???????????????? island ????? LCC ???????
????




















? 3.5: RDR???? island??? [5]?
? 3.6: 2 3? island???RDR [5]?
23
?3? Huddle-based Distributed-Register???????????????????????
? 3.7: MCAS [5]?




CDFG???????MCAS?? (1)??? (????)?? (2)FU(Functional Unit)???
?????????????????????????FDS(Force Directed Scheduling) [23]
????????FU??????? (CDFG????????????????)????
?????????????????????????????
MCAS?????????? Scheduling-driven placement ?????????????
???????? CDFG?????????????? island????????????
??????????????????Post-laytou rebinding & scheduing???Scheduling-
driven placement?????????????????????????????????
????
???????Register and port binding?Datapath & FSM generation???????
??????????????????????????????????????????






























???DRFM???? island???????????? [? 3.8]?





































































































































? 3.12: DCT?HDR?GDR [22]?RDR [5]?????????????
 Finite State Machine (FSM)
????????????????????HFU?HLR??????







? 1. ??????????????? DCT???????????? HDR?????????






































????????????? Tclk??????? Smax?????????? p????
???? F = ff1;    ; fpg??????? fi????Df (fi)????Sf (fi)? fi????
?????????????? Tclk?? Sf (fi) = dDf (fi)=Tclke ?????????? fi?
1?????????????????E(fi)????
q? (q  p)????H = fh1;    ; hqg??????????????? fi??????
????Hud(fi)?????????? hj??????????????? F (hj)????
??? hj????HLR????Dreg(hj)????
????????????? vl; vm; vh(vl < vm < vh)? 3????????? hj????




Slack(fj) = Tclk  Sf (fi) Df (fi) (3.8)
RDR?????? [5]???? Slack(fi)?????????? hj = Hud(fi)??????
?????????




? (3.9)????W (hj)???? hj???H(hj)???? hj???????Dw(x)??? x
???????????????????? 2??????????????? Cd???




Tr(fi; hk) = Dw(Dist(hj; hk))
+ Dlc(V (hj); V (hk))
+ Dreg(hk) (3.10)






vh 1 ns=144 fJ 2 ns=1440 fJ
vm 2 ns=100 fJ 4 ns=1000 fJ
vl 4 ns=64 fJ 8 ns=640 fJ
? 3.2: ????????????
vh vm vl
vh - 0:5 ns 1:0 ns
vm 0:5 ns - 2:0 ns
vl 1:0 ns 2:0 ns -
DT (fi; hk) =
8>>><>>>:
0 (Slack(fi)  Tr(fi; hk))
dTr(fi; hk)=Tclke
(Slack(fi) < Tr(fi; hk))
(3.11)
?????DT ?? p? q????????i? k?????DT (fi; hk)?????????
? 2. ? 3.14?? 3.15? Tclk = 3ns; Smax = 5 ???????????????????????
?????? 3.1????????????????? 3.2????
?????? f1 : MUL1?f2 : MUL2?f3 : MUL3?f4 : ADD1 ? 4 ???? 3.14 ???
F (h1) = ff1g?F (h2) = ff2g?F (h3) = ff3; f4g ???????? 3.14??? V (h1) = V (h2) = vh?
V (h3) = vm????
n4??n7????????f1?????h3??HLR????????????Dw(Dist(h1; h3)) =
1 ns?Dreg(h3) = 0:5 ns???????? Slack(f1)?
Slack(f1) = 3ns 1  2ns
= 1ns
????Tr(f1; h3)?
Tr(f1; h3) = 1ns + 0:5ns + 0:5ns
= 2ns
????Slack(f1) < Tr(f1; h3)????DT (f1; h3)?







































































































































? vh??????? 0??????????????????F (hi)?V (hi)?Dist(hi; hj)?
?????????
F (hi) = ffig; (1  i  p)
V (hi) = vh; (1  i  p)


















































































ii. ??????? vl???????????????????????DT ????
????????/FU??????? [21]????
iii. ????????????????????????????????????
iv. vm???????????????? (a)???????????? i????
(b) ?? vl?vh??????????vh?????? (a)?????????
(c) ?? vm?vh??????????vh?????? (a)?????????
(d) ?? vl?vm??????????vm?????? (a)?????????
(e) ?? vl?vh??????????vh?????? (a)?????????












? 3. ???????? Tclk = 3ns??????? Smax = 8?? 3.20??????????????
??????????? 3.1?? 3.2???????? 3.20(b)????????Dw(Dist(h1; h3)) =
Dw(Dist(h1; h2)) = Dw(Dist(h2; h3)) = 1 ns???Dreg(h1) = Dreg(h2) = Dreg(h3) = 0:5 ns?
???
????????????DT ????DT ????????????/FU?????????
????? 3.20(c)????DT ??????DT ???? 3.20(a)??????????????
3.20(a)??????????????????????????????
????????????? vl?????????????????????????? 3.20?
????vl????? h3????? h3??????h3? vm????????? 3.21?????














































































































































































SA?????????????????? i??????????? SA?????? Ti?
???? i+ 1????????????????











































(b) ??? hj ? hk ?????????
? 3.22: ???Adj(hj; hk)???
Adj(hj; hk)???????????????????????????????????
3.22(a)??????????????
Adj(hj; hk)  0
???????? 3.22(b)???????????????
Adj(hj; hk) < 0






























Adj(hj; hk)?HC(hj; hk)????? Ph(hj; hk)??????????
Ph(hj; hk) = Adj(hj; hk) HC(hj; hk) (3.16)















































??????????????????????? fi????? hk????DT (fi; hk)
????????????????/FU?????????DT (fi; hk)?DTs(fi; hk)??
???????DT (fi; hk)?DTf (fi; hk)????
DTs(fi; hk) < DTf (fi; hk) (3.17)
? (3.17)????????fi??hk?????????????????????????
?????? fi???? hj(= Hud(fi))???????????????????????







































CPU AMD Opteron 2360SE 2.5GHz 2
Memory 16GB
????? C++?????????????????????????CPU? AMD
Quad-Core Opteron 2360 SE 2:5GHz  2??????? 16GB?????????????
????DCT(???? 48)?EWF3(???? 102)?7?FIR???? (???? 75)???
????????? vh = 1:2V?vm = 1:0V?vl = 0:8V????





? 4.1 [31]????? 4.2????????? 4.1???????????????????
??????????????[31]??????????? [19]?????????
?????????? Synopsys??Design Compiler????????????????




??? 1?????????HDR??????? (?? [40]+HDR)??????????
MHDR(Multiple supply voltages HDR)???????????MCAS?RDR??????





















































??? ?? ?? ????? ?????
(??) [m2] [ns] [fJ] [W]
??? (1:2V) 386 0.75 92 3.9
??? (1:0V) 386 1.22 64 3.2
??? (0:8V) 386 2.71 41 2.6
??? (1:2V) 2161 1.65 1135 19.8
??? (1:0V) 2161 2.7 788 16.5
??? (0:8V) 2161 6.0 504 13.2
? 4.2: ??????????? [31]?
Vin - Vout ?? ?? ????? ?????
[m2] [ns] [fJ] [W]
1:2V - 1:0V 113 0.17 83 49.1
1:2V - 0:8V 113 0.22 71 32.3
1:0V - 1:2V 113 0.17 76 45.0
1:0V - 0:8V 113 0.30 55 18.3
0:8V - 1:2V 113 0.22 86 39.1







APP. FUs Step Architechture Area Rectangular Dynamic Energy Leak Energy All Energy
[m2] Area[m2] [pJ] [pJ] [pJ]
ewf3 +3,*2 50 GDR 47792 55250 414.34 57.64 471.98
RDR 69530 69530 362.35 85.06 447.41
HDR 52506 62252 331.95 77.96 409.91
HDR + [41] 53405 66196 267.02 99.47 366.49
[40] + HDR 58090 74088 249.43 109.75 359.18
MHDR 47002 49400 241.11 87.53 328.64
r +3,*3 35 GDR 36840 48278 223.34 38.35 261.69
RDR 81920 81920 191.34 105.18 296.52
HDR 30082 35910 191.65 31.61 223.26
HDR + [41] 30082 35910 191.65 31.61 223.26
[40] + HDR 48774 72732 131.27 71.36 202.63
MHDR 52051 61500 122.22 60.04 182.26
r +4,*4 30 GDR 34540 36000 211.94 44.00 255.94
RDR 82816 82816 188.83 123.57 312.40
HDR 32047 35624 207.59 33.05 240.64
HDR + [41] 32047 35624 207.59 33.05 240.64
[40] + HDR 46274 55488 138.37 58.70 197.07
MHDR 44554 48174 128.59 43.60 172.19
dct +3,*3 15 GDR 48551 58843 181.96 13.56 195.52
RDR 59544 59544 144.15 15.99 160.13
HDR 47321 63096 127.58 17.42 145.00
HDR + [41] 48076 55770 112.25 25.10 137.35
[40] + HDR 50639 61915 86.17 22.70 108.88
MHDR 51269 55221 86.17 21.17 107.34
dct +4,*4 10 GDR 53864 58378 152.01 11.00 163.01
RDR 81476 81476 127.87 13.69 141.57
HDR 58184 71520 128.71 13.69 145.22
HDR + [41] 58184 71520 128.71 13.69 145.22
[40] + HDR 52104 53824 94.19 21.98 116.17
MHDR 58272 68255 89.11 25.37 114.48
4.4 ??????
????????????????????????????????????????
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